Coronary artery fistula (CAF) is an unusual congenital or acquired coronary artery abnormality, where connections exist between 1 or more coronary arteries and a cardiac chamber, great vessel, or another structure. CAF is a rare, difficult to detect, and usually solitary anomaly accounting for approximately 0.2-0.4% of congenital heart defects (Levin et al. 1978; Gupta and Beauvais 1991) . These communications are usually congenital, but acquired forms occur after cardiac surgery and catheter intervention. Further, CAFs are associated with pulmonary atresia with intact ventricular septum and hypoplastic left heart syndrome (Calder et al. 1987; Baffa et al. 1993) . However, the consequences and management of these fistulas and associated cardiac lesions are quite different and hence not discussed in this article. CAFs are the most common congenital coronary anomalies affecting hemodynamic parameters (Roberts 1986; Yamanaka and Hobbs1990; Chu and Cheitlin 1993) . Their clinical importance, usually in adulthood, is due to an increased risk of complications, including heart failure, myocardial ischemia, infective endocarditis, arrhythmias, and rupture (Vitarelli et al. 2002) . Most infants and children with coronary artery fistulas are asymptomatic. Symptoms tend to occur more frequently in older patients (> 20 years old), who may present with fatigue, dyspnea, angina, and congestive heart failure (Liberthson et al. 1979) . Other complications include endocarditis (5%), aneurysm formation and, in rare cases, rupture (Daniel et al. 1970; Lim et al. 1977; Habermann et al. 1963; Bauer et al. 1996) . Björk and Crafoord (1947) reported the first successful surgical correction of CAF. Symbas et al. (1968) reported another unique surgical approach in which the coronary artery was opened to close the CAF. Coronary arteriotomy for closing the CAF orifice involves opening the coronary artery, closing the fistula orifice by suturing, and finally, closing the arteriotomy. However, no surgical report has yet described this procedure. This study was performed to determine the clinical characteristics and surgical outcome of patients with CAF.
Material and Methods
We reviewed the data of patients who were diagnosed with CAF by echocardiography or during catheterization and who were surgically treated in the past 38 years, i.e., between 1972 and 2009, at the Department of Cardiovascular Surgery, Tokyo Women's Medical University and Department of Cardiovascular Surgery, School of Medicine, Ehime University.
Twenty-three patients aged between 10 months and 27 years (mean age, 7.32 ± 6.44 years) were diagnosed with CAF (Table 1) . The study included patients with isolated CAF that was associated with other important cardiac anomaly. However, patients with CAF or sinusoids associated with congenital cardiac malformations such as pulmonary atresia with an intact ventricular septum or mitral stenosis and aortic atresia were excluded. All patients with isolated congenital CAF (n = 18) were asymptomatic despite the presence of continuous murmurs. Chest roentgenographic examination revealed cardiomegaly or increased vascular markings in 4 patients. Four children had CAF in association with other lesions, including truncus arteriosus in 1 patient, tetralogy of Fallot in 1, patent ductus arteriosus in 1, pulmonary valve stenosis in 1, and patent foramen ovale in 1. CAF was found to have originated from the right coronary artery in 11 patients, the left coronary artery in 10, and both coronary arteries in 2. The site of drainage was found to be the right ventricle in 10 patients, right atrium in 6, left ventricle in 4, left atrium in 2, and pulmonary artery in 1.
Median sternotomy was performed with continuous electrocardiographic monitoring in all patients. In addition, transesophageal echocardiography was performed in our current patient to identify operative myocardial dysfunction. Epicardial dissection and ligation were performed in 8 patients without cardiopulmonary bypass (CPB). The fistula was carefully dissected, and good definition of the anatomy by electrocardiographic monitoring enabled optimal and accurate fistula ligation without myocardial damage due to coronary artery ligation. CPB was employed in the 15 patients because of the anatomical considerations that precluded epicardial ligation and the necessity for an open-heart operation in those with associated lesions as follows: (1) Because of difficulty in identifying the fistula, CAF orifice closure through the cardiac chamber was performed in 4 patients. This procedure was performed in the right atrium in 3 Coronary arteriotomy, coronary arteriotomy for CAF orifice closure; CPB, cardiopulmonary bypass; CRBBB, complete right bundle branch block; CXR, chest roentgenogram; Direct closure of orifice, CAF orifice closure through cardiac chamber; ECG, electrocardiography; F, M, female and male; ICR, intracardiac repair; IRBBB, incomplete right bundle branch block; LAD, left anterior descending coronary artery; LCA, RCA, left and right coronary artery; LCX, left circumflex coronary artery; LMT, left main tract; LVH, RVH, left and right ventricular hypertrophy; LA, RA, left and right atrium; LV, RV, left and right ventricle; NL, normal; PA, pulmonary artery; PFO, patent foramen ovale; PDA, patent ductus arteriosus; RAD, right axis; TOF, tetralogy of Fallot; +, present; occlusion, coronary artery occlusion around CAF during follow-up. patients and in the left ventricle in 1 patient. (2) Coronary arteriotomy for CAF orifice closure was performed in 4 patients. (One of these patients had a concomitant epicardial ligation for CAF closure.) (3) CAF ligation was performed in 3 patients. Five patients underwent simultaneous repair of other cardiac abnormalities. CPB was established via aortic and bicaval cannulation in all patients. Aortic cross-clamping and cardioplegia were employed in 13 patients, excluding 2 (no. 1 and 4). These operative procedures are summarized in Table 1 .
Results
All patients except for those who underwent coronary arteriotomy for CAF orifice closure survived without clinical or electrocardiographic evidence of myocardial infarction. No patient had residual or recurrent coronary artery fistula, as noted by disappearance of the murmur or by echocardiographic evaluation. The average follow-up time was 6.51 years and was defined by the last documented clinical visit (some patients were lost to long-term followup due to relocation). All patients except for the patient with truncus arteriosus showed improvement after surgical CAF treatment. The patient with truncus arteriosus underwent an aortic root replacement 30 years after fistula repair for annuloaortic ectasia. We believe that this morbidity was related to the truncus arteriosus. There was no mortality in this patient cohort. However, 3 of the 6 patients who under- went coronary arteriotomy for CAF orifice closure had long-term coronary occlusion after surgery. Furthermore, 2 of the 3 patients with coronary occlusion showed good collateral formation around CAF. During the long-term follow-up examination, an ischemic area was found in the myocardium in 1 patient who underwent aortic root replacement. It was not clear whether this ischemia was related to the procedure. We have presented preoperative coronary angiogram and postoperative coronary computed tomography (CT) of this patient. This patient (No. 12) underwent orifice closure through the right atrium for CAF under CPB. Coronary artery CT angiogram revealed that the coronary artery had normalized at 12 years after the CAF surgery (Figs. 1A, 1B , 2).
Discussion
CAF is a rare anomaly that occurs in 0.2-0.4% of congenital heart disease cases. In this series, all surgical CAF treatments were effective. The mortality and morbidity rates were similar to those of previous reports (Liberthson et al. 1979; Lowe et al. 1981; Urrutia-S et al. 1983; Bogers et al. 1987; Mavroudis et al. 1997; Kamiya et al. 2002) . The surgical results for CAF in all patients included in our study were reasonable and excellent and were similar to those of other reports.
Surgical ligation of CAF has been shown to be a safe and effective intervention for symptomatic CAF and prevents complications such as rupture, angina, endocarditis, and compensated congestive heart failure that develop in the natural history of asymptomatic CAF cases (Liberthson et al. 1979; Lowe et al. 1981; Bogers et al. 1987; Urrutia-S et al. 1983 ). However, the surgical indications for CAF in asymptomatic patients are controversial. It has been emphasized that CAF should be surgically treated immediately after diagnosis (Lowe et al. 1981; Urrutia-S et al. 1983) and that early treatment, especially in asymptomatic young patients, should prevent the eventual occurrence of symptoms or complications such as angina pectoris, congestive heart failure, myocardial infarction, endocarditis, aneurysm formation with rupture or embolization, and pulmonary hypertension. Symptoms caused by isolated congenital CAFs generally depend upon the patient's age (Lowe et al. 1981) . Jaffe et al. (1973) reported that symptomatic, electrocardiographic, hemodynamic, radiographic, and angiographic stability was possible and that even spontaneous CAF occlusion occurred over the long follow-up period in patients with small CAF not treated surgically.
However, we believe that the surgical indication of CAF is not the occurrence of symptoms in infants and young children but the significant clinical, electrocardiographic, and radiodiagnostic abnormalities that occurred in the majority of our patients and that were factored into the decision for surgical ligation. We would, therefore, recommend therapeutic closure of CAF in all symptomatic patients and in asymptomatic patients with significant clinical, electrocardiographic, and radiodiagnostic findings. Some studies have reported ruptures of large coronary aneurysm formations (Jaffe et al. 1973; Misumi et al. 2001 ). The patients (mean age, 6.5 years) with isolated CAF in our study were asymptomatic. Liberthson et al. (1979) reported that preoperative symptoms are more likely to occur after 20 years of age. Approximately 50% of all fistulas were ligated epicardially without CPB. CPB is useful for treating inaccessible lesions or in patients with other coexisting cardiac lesions requiring repair. In addition, transesophageal echocardiography is useful for identifying fistulas even during surgery (Table 2) . In our series, dilated coronary arteries related to surgical CAF treatment were normalized 12 years later. No other report describes post-treatment changes in dilated coronary arteries. These images were very interesting and meaningful for determining the surgical indication for CAF. Our observations suggest that surgical treatment might prevent long-term thrombus formation in dilated coronary arteries. Symbas et al. (1968) reported an alternative approach for the surgical treatment of CAF, i.e., suturing the fistula via the coronary artery. However, to our knowledge, the surgical result of this procedure has yet not been reported. Coronary arteriotomy for CAF orifice closure was performed in the beginning of this series using an easy approach. However, ligation and orifice closure through the cardiac chamber comprise the basic surgical approach in our hospital. In fact, our result showed 50% occlusion of the distal site of the coronary artery in our patients, even though there was rich collateral circulation in the distal myocardium area. We believe that the appropriate indication for coronary arteriotomy should be chosen carefully. In fact, to perform the coronary arteriotomy, we chose only those patients whose fistulas drained into the left ventricle, those who required the ventriculotomy approach for treating CAF, and those in whom epicardial or endocardial approaches could not be used.
In conclusion, surgical treatment of CAF was found to be safe and effective with a very low mortality both in this series and in the literature. The dilated coronary artery was restored by surgery for CAF for a long term. Therefore, surgery should be performed even in asymptomatic patients to avoid the risk of future complications. However, we believe that coronary arteriotomy for CAF orifice closure should not be selected in cases where an alternative surgical approach can be used.
